Animal centrioles serve as the basal body for cilia assembly, and form the core of the centrosome for microtubule organization. To faithfully execute these functions, centriole numbers are strictly regulated in cycling cells, primarily through the precise control of duplication and segregation [1, 2] . Duplication involves the doubling of centrioles in S phase in which exactly one new (or daughter) centriole forms in close proximity to the pre-existing (or mother) centriole. For more than a decade, the serine/threonine-protein kinase PLK4 (ZYG-1 in worms; SAK in flies) has been demonstrated as the master kinase driving centriole biogenesis [3] [4] [5] , as PLK4 associates with mother centrioles where its level profoundly affects the number of daughter centrioles assembled [3] . Conversely, loss of PLK4 abolishes all signs of centriole duplication, revealing PLK4 as one of the most upstream regulators in the pathway. Thus, there has been a strong interest in understanding how PLK4 catalyzes centriole assembly, and in identifying the relevant substrates. The search has finally led to an exciting discovery by the group of David Glover, published in this issue of Current Biology [6] .
Centriole integrity is established through a stepwise assembly of a series of structural components, many of which serve as the building block, scaffold, or stabilizing factor. While self-assembly is a key feature of centriole duplication, the initiation step is critically guarded by enzymatic regulators to allow quantity/quality control. Centriolar proteins SAS-6 and STIL (human Ana2) are the first two components recruited to the normally single assembly site specified at the periphery of each mother centriole [7, 8] . SAS-6 and likely together with STIL form the primary backbone of the cartwheel [9] [10] [11] , which is the geometric scaffold promoting 9-fold symmetrical assembly of the centriole. How the assembly site is chosen or limited to one per mother centriole is not fully understood, but in vertebrate cells, the initial loading of SAS-6 or STIL is strictly dependent on the kinase PLK4 [8, 12] . Moreover, when PLK4 is overexpressed, additional assembly sites can form around the mother centriole [3] , where SAS-6 and STIL are loaded to promote extra daughter centriole formation. A few PLK4 substrates have been reported [13] [14] [15] [16] , but a direct link to the initiation step of centriole assembly remains obscure. Finding the relevant substrates of PLK4, and knowing how the phosphorylation triggers centriole assembly are no doubt two of the most urgent goals in centrosome biology.
Using in vitro kinase assay with purified Drosophila components, Dzhindzhev et al. found that Ana2 (fly STIL), but not SAS-6, can be strongly phosphorylated by PLK4, consistent with the physical interaction between STIL and PLK4 reported recently [6, 17] . Four phosphorylation sites (S318, S365, S370 and S373) were identified, and all of them are clustered within the STAN motif [18] , a conserved domain found in all Ana2/STIL orthologues essential for centriole duplication. Importantly, the same phosphorylation sites can also be detected in vivo in cells overexpressing Ana2 and PLK4. Moreover, the authors showed that these phosphorylation sites are functionally relevant, as the non-phosphorylatable Ana2 in which the 4 serine residues are changed to alanine (Ana2-4A) fails to rescue or drive centriole duplication.
To understand the function of Ana2 phosphorylation, Dzhindzhev et al. analyzed the interaction of Ana2 with other centriolar components. In vitro binding assay showed that wild-type Ana2 (Ana2-WT) strongly associates with SAS-6 when active PLK4 is present, whereas no interaction between SAS-6 and Ana2-4A could be detected under the same condition [6] . Such kinase activity-dependent interactions were further confirmed in cells in vivo, with wild-type Ana2, but not Ana2-4A, able to pull down SAS-6 in the presence of active PLK4. While it will be interesting to see if phosphomimetic Ana2 can bypass the requirement of PLK4 to interact with SAS-6, these results lead to a hypothesis that PLK4 directly phosphorylates Ana2/STIL to promote SAS-6-based cartwheel assembly for centriole duplication.
To test the idea, Dzhindzhev et al. turned to the cell-based assay to carefully examine the recruitment of Ana2 and SAS-6 to centrioles during the duplication cycle. Using superresolution 3D-structural illumination microscopy (3D-SIM), the authors are able to differentiate mother centrioles, which are marked by the maturation factor D-Plp, from the tightly engaged newborn daughter centrioles that lack D-Plp during interphase. In early mitosis, newborn centrioles start to acquire D-Plp, and become fully mature and disengage from their mothers at late mitosis, a process similar to centriole-to-centrosome conversion seen in vertebrate cells [2] . Strikingly, with this assay, Dzhindzhev et al. demonstrated that soon after centriole maturation or disengagement occurs, Ana2 and SAS-6 are quickly recruited to a periphery site of both mother and daughter centrioles, revealing the licensing and site determination for new centriole assembly, both of which happen at the end of mitosis. Moreover, the authors found that SAS-6 recruitment at late mitosis depends on the presence of Ana2, but not vice versa, indicating that in flies, SAS-6 loading and the ensuing formation of new daughter centrioles are downstream of Ana2.
Finally, to determine if PLK4-mediated phosphorylation of Ana2 plays a role in SAS-6 recruitment, the authors expressed wild-type Ana2 or Ana2-4A in cells depleted of endogenous Ana2. Intriguingly, they found that while both Ana2-WT and Ana2-4A can be efficiently loaded to centrioles, only Ana2-WT can recruit SAS-6 and promote centriole duplication, strongly supporting the hypothesis that PLK4 directly phosphorylates Ana2/STIL to trigger SAS-6 recruitment for centriole duplication.
The new finding that Ana2 can localize to the assembly site in the absence of SAS-6 or its phosphorylation by PLK4 is intriguing -it contrasts with the case in vertebrate cells, where the loading of SAS-6 and STIL, which defines the assembly site, is known to require each other and PLK4 [8] . In light of the new data from Drosophila, one obvious question is what then initiates Ana2 loading to a specific site, or how the site is determined, when the kinase-substrate relationship between PLK4 and Ana2 is not involved? PLK4 may have a kinase-independent, structural role that is responsible for Ana2 loading, similar to what has been reported for SAS-6 recruitment in worms [14] . Alternatively, PLK4 may have other substrates that function upstream of Ana2 loading. Likewise, the possibility that additional regulators act upstream or in parallel with PLK4 cannot be ruled out.
The timing at which Ana2 or SAS-6 is recruited to the assembly site appears variable among species. In vertebrates, the recruitment does not occur until early S phase, whereas in flies, as revealed by Dzhindzhev et al., it starts at late mitosis. The significance underlying this variation is unknown, but it may relate to another striking feature that differentiates Drosophila from vertebrate centrioles, which is the maintenance of the cartwheel. In contrast to Drosophila centrioles where cartwheel components like SAS-6 is stably integrated within the lumen, vertebrate centrioles mysteriously discard the cartwheel during the maturation process [19] , leaving their proximal lumen open before they support duplication. A recent study shows that vertebrate SAS-6 is first recruited to the empty lumen of mother centrioles in early S phase, prior to localizing to the periphery site for daughter centriole assembly [20] . This suggests that perhaps the presence of luminal SAS-6 is a prerequisite for centriole assembly at the periphery site, and that centrioles constantly carrying luminal SAS-6, such as Drosophila centrioles, can initiate SAS-6/Ana2 assembly as soon as they are mature at the end of mitosis.
The study provided by Dzhindzhev et al. has clearly depicted the first picture of PLK4 catalyzing centriole duplication as a kinase. It remains to be seen whether phosphorylation of Ana2 is the first action of PLK4 in the duplication pathway, and whether it specifies SAS-6 assembly into a cartwheel-like organization. In addition, figuring out other early events leading to the initiation of centriole assembly, including its temporal, spatial, and numerical control, will continue to challenge our minds and keep us busy.
